INTRODUCTION
Wind energy development in the Altamont Pass region of California peaked during the mid-1980s, when most of the wind turbine towers now in existence were erected (Hunt 1997) . Since 1981, more than 7,000 wind turbines have been installed in the Altamont Wind Resource Area (WRA). Currently about 5,000 are operating, with that number being reduced as repowering continues. They are distributed over an area of approximately 150 km 2 (Walcott 1995) .
In the Altamont WRA, wind speeds average 25-45 km/hr between April and September, when the facility produces 70% to 80% of its power. During winter, the wind speeds drop to 15-25 km/hr. In the summer months, wind speeds are generally sufficient to operate the turbines by mid-afternoon and well into the evening hours.
Since about 1989, several university and private research groups have conducted research on bird interactions with various turbine and tower configurations in the Altamont WRA. Most of these early studies focused on quantifying fatalities and calculating mortality rates for highly vulnerable bird species, specifically raptors.
Although it has long been documented that wind turbines kill birds, especially predator species (i.e., raptors), little is known about specific flight and perching behaviors near wind turbines. What behaviors cause birds to be struck by turbine blades? Can these factors be predicted or quantified in such a way that future wind energy facilitates can be designed to avoid or minimize them? Bird fatalities, and how to minimize them, often are a major licensing consideration for any wind energy facility's proponents and for the regulatory agencies responsible for conserving natural resources.
In March 1998, the National Renewable Energy Laboratory (NREL) started a research project designed to address behavior factors that contribute to turbine mortalities. Previously researchers had not attempted to correlate bird flight and perching behaviors with fatality data for the same period and at the same turbines. This approach is the central focus of this project.
This report is intended solely as a progress report. The five tables and three figures referenced in the text appear in a separate section at the end of the report. The findings presented here should be considered preliminary ones. A comprehensive report is scheduled for the end of Phase II.
OBJECTIVES
The objectives of this project are: (1) to relate bird flight and perching behaviors to mortality risk, and (2) to identify any relationships between these behaviors and turbine/tower type, weather, topography, habitat features, and other factors that may predict high degrees of risk to birds, especially raptors.
Our basic approach is to observe, characterize, and quantify bird flight and perching behaviors in and around wind turbines, and to relate these behavioral data to bird fatalities that occur at the same turbines during the same sampling period. This research should yield information that leads to the design, siting, and operation of wind energy facilities that minimize bird fatalities.
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STUDY AREA
The study area is the Altamont Wind Resource Area (WRA), which was selected by NREL for several reasons. The general region supports a relatively dense breeding population of raptors, especially golden eagles (Aquila chrysaetos) (Hunt 1997) . It is important winter habitat for migrating raptors and other birds passing through California's Central Valley. Also, there is a relatively urgent need for a solution to the controversy that surrounds future wind energy development and bird fatalities in the Altamont WRA (Morrison 1996; Morrison and Sinclair 1997 
METHODS
Two basic research efforts make up this project. Each requires a distinctly different set of methods and data collection procedures. The first is behavioral risk observation. The second is fatality searching. We began the study by establishing 17 study plots, which contained 514 turbines. All of these were included in the fatality searches. In February 1999, we increased this sample to 20 plots, for a total of 785 turbines where behavior observations could be conducted. Of these, 685 were accessible for fatality searches.
Landowners provided access to a portion of the Altamont WRA. Based on logistical considerations, we predetermined that biologists could survey 15 -20 relatively large plots approximately once per week. Within the total area available to us, we located 17 elevated observation points that provided suitably expansive views of a portion of the turbine towers available to us. The sum of all turbine towers visible from these 17 locations equaled all of the turbines in the area to which we had access.
From each of the 17 observation points, we determined the boundaries of each study plot by only including those turbine towers easily and readily visible to the observers from the selected fixed observation point. We made sure not to duplicate any turbine towers between study plots in this process. The result of this plot selection process was a mosaic of irregularly shaped, non-overlapping polygons, each approximately 25 hectares. We included all turbine tower types, turbine string lengths, turbine sites, and general topography present on a portion of the Altamont WRA.
The 785 turbine towers are arranged in 98 different strings. A turbine string is defined as a group, or row, of adjacent turbines separated from other turbines by more than 200 m or by some prominent geographic feature. In our plots, each string length varies from 2-18 turbine towers. A single turbine site refers to the placement of an individual turbine within a string (e.g., middle row, end row, or in a gap or gully).
We designed the behavioral observation methods to maximize the number of bird observations within each of the study plots. We used fatality search protocols that maximized the likelihood of discovering dead birds. The methods used follow the guidelines described in Anderson et al. (1996) .
This report includes our findings from early March 1998 through February 1999. Usually, two biologists conducted the studies; however, we sometimes used additional support to maintain our sampling schedule.
Bird Risk
We began the study by establishing a sampling protocol, designing forms to collect field data, and selecting our study plots. We designed the field studies to detect individual birds within the study plots and to characterize their specific activities. Each of these elements was tested in the field and refined as necessary before formal data collection began. The protocol developed for this study follows the guidelines developed by Morrison (1996) , Anderson et al. (1996) , and Gauthreaux (1996) .
In the 20 sampling plots, we observed bird risk behavior at 785 turbine towers consisting of six different types (see Table 1 ). This sample represents approximately 15% of the total turbine population in the Altamont WRA. The horizontal lattice towers (n = 76) and the SeaWest tubular towers (n = 24) that are managed by Green Ridge Services Company (GRS, formerly KENETECH Windpower) are only included in our behavioral observations (not the fatality searches) because we did not have access to those facilities.
In February 1999 we increased our sample to include three new plots, for a total of 171 turbine towers. We will continue to include these in our sampling efforts throughout the study.
We sampled large and small diagonal lattice towers at ENRON. At FORAS, we sampled tubular (Danregn Vind Kraft/Bonus) towers. At Altamont Wind Power, we sampled mostly vertical-axis towers along with some tubular (Danwin) towers. At GRS, we made behavioral observations (no fatality searches) at horizontal lattice towers. Figure 1 shows the basic configuration of each of the turbine towers represented in our sample.
One observer per observation point collected field data. Within each study plot, we selected a point from which we made all behavioral observations. The observation point is a fixed location from which the observer has the best view of the turbines and the surrounding terrain within any study plot. All turbine towers, and all corners of the plot, are easily viewed from this observation point to ensure accuracy for species identification and documentation of each bird activity.
The observer collected observational data using a technique of circular visual scans ( 360 0 ) known as variable-distance circular-point observations (Reynolds et al. 1980) . Each sampling event lasted 30 minutes. The observer, using 8X40 binoculars, recorded all visible bird activity by entering alphanumeric codes onto a standardized data sheet, and onto a map of the corresponding plot that shows all turbine towers in the plot and their identification numbers. The environmental conditions were recorded after arriving at the plot and before the 30-minute circular scan began. After the observation period was over, the observer moved to the next sampling plot to complete another 30-minute sample.
Once a bird was sighted, it was tracked continuously from the time it entered the plot until it departed. Each of its movements around the turbine towers was noted and recorded. The focus of the behavioral observations was to determine how close to a turbine each bird flies, especially to the zone of risk (i.e., rotor swept area). The estimation of the closest pass to the zone of risk was critical to our study design; therefore, we frequently calibrated each observer's estimates of height and distance using known objects. Each bird's "utilization duration" was defined as the length of time it was observed within the plot during a 30-minute observation event. The first level of discrimination was whether the bird was flying or perching. If a bird was observed flying only briefly, the minimum duration was one minute, even if the bird(s) departed in less than one minute.
The sample plot observations were stratified by time of day. Morning observations started at 0700 hrs and continued until 1200 hrs. Afternoon sampling started at 1201 hrs and continued until dusk. As many as eight 30-minute point counts were conducted per observer per day. Observations were conducted throughout the year and in nearly every type of weather condition (Morrison 1996) . To ensure independence of bird observations, we conducted the 30-minute point counts on nonadjacent plots.
Through February 1999, we observed each study plot at least once per week. Each behavioral session took approximately one hour to complete, including driving time. The order of sampling was systematic to ensure that all turbine tower sites were sampled equally during differing times and environmental conditions.
Observer Bias
In order to reduce the effects of observer bias, we began the field studies by conducting observations using pairs of observers. This helped to minimize any potential differences between observers, and for all observers to become equally familiar with the data sheets and the various bird behaviors. Once the observer's methods and observation skills were standardized, we began conducting separate observations. This standardization process was repeated once per month by conducting paired observations, comparing the observations and adjusting for any differences. During this reporting period five observers participated in data collection.
Prey Availability
Understanding raptor prey availability often provides insights into understanding raptor flight activity, flight behavior, and their distribution; therefore, we recorded a prey availability measurement during each of the behavioral observations. Before the start and at the end of each observation period, we conduct a 360 0 visual scan of the study plot to count all visible ground squirrels and other small mammals.
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We will compile these data to develop an index of prey availability. This information is not intended to yield an absolute count of the prey available to raptors; instead, it provides an estimate of the relative prey availability above ground (i.e., visible) at the time of the observations. These data may provide useful information on raptor distribution in the plots at the time of our point counts. Also, by doing so, we are documenting areas of known and potential ground squirrel activity.
Bird Fatalities
A database on bird fatalities (primarily raptors) was developed by U.S. Windpower and is currently maintained by Green Ridge Services, Inc., one of the turbine operators in the Altamont WRA (Curry and Kerlinger 1998) . Historically, the Wildlife Response and Reporting System (WRRS) database has been comprised of incidental reports of dead birds found mainly by maintenance personnel, plus reports by other researchers using a variety of collection methods. A similar methodology has been proposed as a long-term monitoring procedure for the region.
Until now, no comprehensive data have been collected in the Altamont WRA on the number of fatalities at a fixed sample of turbines over a fixed period of time. For our research, we repeatedly conducted comprehensive searches for all dead birds (i.e., fatality searches) in established study plots over an extended period of time. All turbine towers where behavior data are collected were searched for fatalities, except for the 100 turbines owned by SeaWest where we had no access.
We began the study searching 414 turbine towers. On September 10, 1998, a transformer failed that provided power to operate the turbines in our study plots. A majority of the turbines in our study plots were, therefore, nonoperational until power was restored on December 3, 1998 . This reduction in turbine activity provided us the opportunity to search for fatalities at 271 additional turbine towers. We continued to include all 685 turbine towers in our sampling efforts (see Table 4 ). Gauthreaux (1996) suggested that any search for bird fatalities around individual turbine towers should be circular and that the minimum radius should be determined by the height of the turbine tower. Because most of the turbine towers included in this study were arranged in strings, these were most efficiently searched by walking a strip along both sides and around the ends. The resulting path, therefore, is best described as a tight zigzag pattern along the strip. Two biologists searched each turbine string simultaneously. On hillsides, we walked parallel to the strings, whereas on level terrain we walked perpendicular to the strings (see Figures 2 and 3 ).
Previous studies reported that about 75% of all carcasses were found within a 30 -40 m radius from the turbine towers. They were usually located in the area behind the rotor or on the right front side of it (Orloff and Flannery 1992; Howell 1997) . We recorded all dead birds (or bird parts) found during each search within a 50-m radius of the turbine.
All fatalities we found were carefully examined to determine species, estimated age, sex, and probable cause of death. We estimated length of time since death. In addition, we evaluated the general condition of the carcass, the presence/absence of maggots, if the carcass was complete or if dismembered, the types of injuries evident; whether scavenging was evident, carcass position, and the distance and compass heading to the nearest turbine tower. These data were recorded on standardized field data collection forms. Each fatality location was photographed and a copy attached to the fatality report.
6
In addition to searching wind turbines, we looked for dead birds in the vicinity of any potential bird strike hazard present in the study plot. This included power poles and suspended cables.
We occasionally found feathers during our searches, which we recorded on a data sheet specifically designed for such observations. For each feather, we recorded the following information: date, location, type of feather, and species.
In the coming months, we will use Global Positioning Satellite (GPS) technology to record exactly where we located the carcasses. These data will be incorporated into a Geographic Information Systems (ARC-View GIS) database and plotted on maps. We will use these data to evaluate the topographic conditions and other physical features that relate to where each fatality occurred. Orloff and Flannery (1992) reported little evidence of raptor carcass removal by scavengers during their research at the Altamont WRA. To date, we have seen little evidence of scavenging. However, failing to recognize and account for any effect of scavenging may result in an underestimation of the number of dead birds. Therefore, we are determining scavenging rates by conducting carcass removal investigations.
Scavenging Activities
When we find carcasses, we are required to report them to the U.S. Fish and Wildlife Service (USFWS). Carcasses are, however, left in the field for extended periods of time. The exact location is recorded (see above) and flagged to aid in future visits to the carcass. We then visit each site at least every three days, or until the proper authorities collect the carcass. During the time that the carcass is in the field, we record data on the condition of the carcass, amount of decomposition over time, and any evidence of scavenging. This information will help us not only to evaluate the effectiveness of the frequency of our searches, but also to better estimate the approximate time of death for those carcasses we find with unknown dates of death. This information will be useful for future studies of bird fatalities throughout the region.
PRELIMINARY FINDINGS
The findings presented in this progress report are preliminary. The final report for this project will be a comprehensive analysis of all data collected. Therefore, the data presented here should be cited or distributed with caution since any interpretations based upon them are incomplete at this time.
Bird Risk Behavior
As of February 28, 1999 we completed 745 sampling events (i.e., 30-minute point counts). We recorded 2,186 bird sightings, representing a minimum of 35 species. The five most frequently observed bird species during the behavioral sessions were red-tailed hawk, followed by common raven, turkey vulture, golden eagle, and California gull (see Table 2 ).
We recorded flight-related behaviors more frequently than we did perching behaviors. To date, we have recorded 1,702 birds flying within our study plots, which represents 77% of all bird observations. Perching behavior accounts for 23% of the bird sightings (n = 484 perched birds) (see Table 3 ). Turbine towers were the most commonly used perching structure in our study plots. Turbine towers were used in 44% of the perching observations, followed by 43% on power poles, electrical towers, anemometer towers or fence posts (combined), as well as 13% on the ground or on rocks.
We are planning several analyses using the behavior data that are being collected over two years. The results of these analyses will be a major component of our findings. To do so requires statistical applications and tests of significance that go beyond the scope of this progress report. Table 4 summarizes 95 bird fatalities and one mammal fatality we recorded between April 4, 1998 and February 28, 1999 . From April 4 -November 30, 1998, we searched for fatalities at 414 individual turbine towers on eight separate occasions. These searches revealed 57 bird fatalities (minimum 16 species represented) and one mammal fatality. Raptors represented 46% (n = 26) of all fatalities. Redtailed hawks are killed most frequently, representing 21% (n = 12) of all fatalities. Golden eagles represent 7% (n = 4) of all fatalities encountered through this reporting period. All fatalities that we found were located near wind turbines.
Fatality Searches
From December 1, 1998 , through the end of February 1999, the sample size for fatality searches increased to 685 turbine towers. During this period, we found an additional 28 recently dead birds (9 species recorded) on three separate occasions. Of these, 55% (n = 21) were raptors. Red-tailed hawks represented seven (18%) fatalities. During these last three months of searches, we also found 10 large raptors that clearly had died long before our study began. Their scattered bones were found buried in grass and soil. They became visible during a period of low grass and rains. These 10 individuals will not be used in our calculations of fatality rates. However, they indicate that an unknown number of dead birds are not reported to the proper authorities.
The frequency of bird fatalities varied with time. We found 51% of all fatalities during the summer months. We found no fatalities during April 1998 and only one bird (non-raptor) during December (see Table 4 ).
We found 54 (57%) of the dead birds near Bonus tubular turbine towers. Twenty-nine (53%) of these were raptors. We found 31 (33%) dead birds associated with diagonal lattice towers. Of these, 19 (61%) were raptors. We found 10 (10%) dead birds near vertical-axis turbine towers. Of these, one (10%) was a raptor (see Table 5 ).
The mean distance of the carcasses to the nearest wind turbine tower was 20.2 meters. Additionally, we found 75% of all dead birds less than 30 m from the nearest turbine tower. We recorded 58 (61%) of all dead birds near turbine towers that were not located at the end of a turbine tower string. We found the remaining 37 (39%) carcasses at the end of turbine tower strings.
DISCUSSION
Several previous research efforts in the Altamont WRA have demonstrated an inordinately high raptor mortality resulting from the facility's use by relatively large numbers of these species Flannery 1992, 1996; Hunt 1997) . Orloff and Flannery (1996) conservatively estimated that 39 golden eagles were killed during each year of their study throughout the entire Altamont WRA. The California Department of Fish and Game has designated golden eagles as a Species of Special Concern in California. In addition, they receive special protection under the federal Bald Eagle Protection Act.
It has long been known that golden eagles are relatively common in the central Coast Ranges of California (Carnie 1954; Thelander 1974) . Recent population studies conducted for NREL by the Predatory Bird Research Group at the University of California, Santa Cruz, show that golden eagles nest in extraordinary numbers throughout the region, and immediately adjacent to the Altamont WRA. Also, many winter migrants pass through the area each year (Hunt 1994 (Hunt , 1997 . The relatively new phenomenon of having approximately 5,000 operating wind turbines dominating the landscape has had a demonstrable impact on the region's raptors. Studies are under way to determine the long-term effects of these increased fatalities on the viability of the region's golden eagles (see Hunt 1998; Hunt 1999 ).
Regardless of the outcome of Hunt's population studies, it is prudent to determine what behavioral factors might contribute to increased risk when individual birds encounter wind turbines. By doing so, we believe it may be possible to significantly reduce bird fatalities where facilities already are installed. Also, such information may assist in predicting whether or not proposed facility designs, modification, or new turbine tower placements will change the risk to birds. Clearly, without this fundamental information, resource managers and turbine facility operators can only speculate on the effectiveness of measures already taken, or being considered, that might reduce the frequency of bird fatalities.
Raptors comprise a significant portion of all recorded bird fatalities in the Altamont WRA Flannery 1992, 1996; Howell 1997; Howell and DiDonato 1991) . Howell and DiDonato (1991) reported 17 raptor fatalities. They calculated a mortality rate of 0.05 deaths/turbine/year. In a subsequent study, Howell (1997) identified 72 confirmed fatalities during 18 months in the Altamont WRA. Bird fatalities consisted of 44 raptors and 28 non-raptors, with a mean raptor mortality rate of 0.03 bird/turbine/year. Our fatality data collected during an 11-month period (April -February) at 414 turbine towers indicates a mortality rate of 0.15 bird deaths/turbine/year. For raptor species (including owls), there were approximately 0.06 deaths/turbine/year. There are no horizontal lattice facilities in our sample. Despite the difference in the type of facilities being sampled in our study, our preliminary estimate of raptor mortality is similar to that reported by Howell and DiDonato (1991) and nearly twice the fatality rate reported by Howell (1997) . Orloff and Flannery (1992) reported that raptor species accounted for 119 (65%) of 182 dead birds they found. In their 1996 study, raptor mortality varied from 0.02 to 0.05 deaths/turbine/year. These rates also are lower than those indicated by our data. The possible reasons for these discrepancies will be explored in the final report.
According to Flannery (1992) and , the predominant species killed were red-tailed hawks, American kestrels, and golden eagles. They also reported turkey vultures, various owl species, and common ravens. This is similar to what we found. In the former studies, the relative abundance of the five most common species being struck by wind turbines was disproportionate to their frequency of fatality. Golden eagles, red-tailed hawks, and American kestrels were killed more frequently than were turkey vultures and common ravens, even though the latter two species are more abundant in the Altamont WRA. Our data confirm that the relative abundance of species does not predict the relative frequency of fatalities per species. Some species are apparently more susceptible than others to the risks posed by wind turbines, assuming carcass detection probabilities are equal per species. Orloff and Flannery (1996) suggested that birds, especially raptors, might not be able to visually detect the rotating blades in their field of view. For example, raptors may not see the blades in the foreground of their field of vision while focused on prey they are pursuing. This has lead to speculation that bird fatalities may be reduced if the turbine towers are modified to discourage perching. Several techniques are being considered, including painting disruptive patterns on turbine blades (KENETECH 1996, unpublished report), implementing sound devices to scare off birds, covering the bases of turbine rotors to discourage perching, and modifying the spacing between turbines to reduce bird collision (Hunt 1994) . This line of research has yet to yield promising results.
Some researchers suggest that turbines placed near gullies and turbines that are at the ends of strings pose a higher risk to birds (Hunt 1994; Flannery 1992, 1996) . Turbines with the highest operating times may be more likely to be involved in bird fatalities (Orloff and Flannery 1996) . The latter observation also relates to the time of year, because wind turbine operation varies from month to month. Our findings indicate that, at least in our study plots, there may be no significant difference between the frequency of fatalities associated with turbines at the ends of turbine strings compared to those within the turbine strings. Other factors such as prey availability and topographic features may have a confounding effect on this preliminary assessment. We intend to explore these relationships in our final analysis and in conjunction with our GPS/GIS data.
The present research project points out, in part, the need for accurate assessments of the true extent of bird fatalities in the Altamont WRA. Prior to our research project, no valid sampling procedures were used that provided a suitably accurate estimate of bird kills. While the WRRS database reportedly contains records for a large number of bird fatalities, we intend to examine the efficacy of using it as a monitoring tool as suggested by Curry and Kerlinger (1998) and the Alameda County Community Development Agency (1998) . Until a suitable monitoring method is designed and tested, only comprehensive fatality searches should be relied upon for assessing the true extent of bird fatalities and for assessing the effectiveness of management efforts intended to reduce bird fatalities. Orloff and Flannery (1992) suggested that birds use certain types of turbine towers as perches more often than other available perches. This potentially increases the chances of turbine-related fatalities because of the bird's frequent proximity to the blades. In their comparative analysis of mortality between five turbine types (i.e., lattice towers, horizontal cross, vertical axis, guyed pipe, and tubular), Orloff and Flannery (1992) concluded that bird mortality was significantly higher at lattice-tower turbines than at any other type. They suggested that the principal features of lattice towers that may contribute to the higher mortality rate include: (1) a multitude of potential raptor perch sites on the horizontal reinforcing crossbars, (2) a high percentage of time in operation, and (3) their relatively high tip speed.
In our study plots, 50% of all turbines included in the fatality searches are on tubular towers. To date, our findings indicate that 57% of all bird fatalities are associated with tubular towers. This finding is significant because there are no horizontal lattice turbine towers in our sample of fatality searches. This difference implies that tubular towers may represent as significant a risk to birds as do horizontal-lattice turbine towers. If this is true, there may be little advantage derived in terms of reduced bird fatalities by replacing horizontal-lattice turbine towers with tubular turbine towers. We will examine this point more fully in the final report.
A relatively large number of bird species (and individuals) are represented in our fatality data. The species diversity alone serves to highlight the fact that there is a wide spectrum of flight and perching behaviors that occur near wind turbines. For example, four burrowing owl fatalities were recorded. This species is declining rapidly over much of its range, and it spends much of its time on or near the ground. In contrast, a prairie falcon was killed in February. This is a highly aerial predator that is seen relatively infrequently in the area. With so many species involved, each employing very different flight strategies, the underlying risk factors associated with wind turbines vary greatly from species to species. Finding universal management solutions that will address the many bird species and flight strategies present in the Altamont WRA continues to be a perplexing conservation objective. 
